
Problenis relating to Aircraft. 
By MERVYN O’QORMAN 

(XEXEEE). 

1. The aeroplane and the dirigible balloon being devices for 
obtaining free movement over and past terrestrial obstructions, and 
each having its advantages, it is useful to consider them from 
the point of view of the result to be achieved, and not on the too 
common score of sensationalism-the one because it is unexpected, 
and the other because it is bulky. Neither can be described as a 
generally preferable way of obtaining the objects of flight, each 
is superior in attaining certain specific results. 

2. Thus au aeroplane would be additionally desirable if it could 
rise out of stubble, out of a mood, or even out of a ploughed field 
or a street, or descend at  a slow speed independentlyof its hori- 
zontal velocity and of the movement of its propellers; i f  it could 
hover over one spot at  will without noise; if its stabilit,y were 
unaffected by wind puffs; if it could ascend vertically at the rate 
of 9 or 10 feet per second, and if it could when on the ground in a 
gale, collapse into negligible volume and portable form. Moreover, 
it would have an advantage if it did not necessarily come down 
when its motive power fails, &c., &c. I n  other words, an aeroplane 
with the good qualities of a dirigible balloon and none of its defects 
would be obviously desirable. 

3. Reciprocally, the desirable airship sholild resemble an aeroplane 
in many things. It should be capable of being brought out of 
dock by few men. I t  must not leak hydrogen and want frequent 
refilling ; it must run at 40 to 50 miles an hour ; it  mould be con- 
venient if it did not become more buoyant with a hot sun upon it ; 
it must be capable of being anchored in the open without being 
folded up. at least in the lighter winds, and it must be reduced 
largely in bulk. Briefly, the dirigible balloon requires in addition 
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to its own points, a share of the good qualities of an aeroplane 
without acquiring fresh limitations and dangers. 

Moreover, they have 
this in coniuion, that they both depend for their eventual success upon 
8 widespread increase in  the study of meteorological phenomena, 
including the charting of winds, vertical a s  well as horizontal, and 
some nqans of foretelling the an:oun+ of pulsation of wind t o  be 
expected. 

5 .  A i r  , l Iorem~nts.-It  is the air movements which set us  the 
prol)lt,ms with which this Paper is concerned, and there are two 
aspects from which they may be considered-the rules of general 
movements and air gusts. 

6. The rules of general movements-such as will be useful in 
assisting a pilot in making a course-were never better given than 
in Mr. Dines’ Paper to the Aeronautical Society (see the Aeronautical 
Journal for January, 1911, page 8) :- 

“Almost every wind that blows at  an inland station mill be 
found to be stronger at  a few hundred feet above the surface. As 
a general rule it will  be found that if sou  face the surface wind, 
the wind above will come somewhat from your right hand. 
Suppose a balloon is at  a height of 2,000 feet, an  east wind is not 
likely to increasa much in strength above this height, but a 
south-west or west wind is likely to do so. A southeast wind on 
the surface is fairly certain to turn to a south, and then to a south- 
west wind at  a moderate elevation, and a north wind may draw 
into a north-west, but it is not so likely to do so. As a rule for 
minds other than north, a change of two points of the compass in 
direction, and a doubling of the velocity may be expected between 
the surface and 3,000 feet, excepting during a hot sunny day in 
spring and summer. On such daj s a general mixing of the air by 
convection currents tends to equalise the different strata, and the 
velocity at the surface will not be greatly less than above, At 
night calni mostly prevails in the lower strata if the sky be clear, 
and this is particularly the case on frosty nights, and even days 
too, in winter. But there is no rule hardly without an exception, 
and I have met with exceptions to all the above rules.” 

7 .  Air Gusfs.-It is well to remark that the airman of to-day not 
only wants these data about wind direction] but in addition asks 
questions which are couched in language which would have been 
curious to the meteorologist of four years ago. H e  may ask what 
there is in connection with the air above the shelving undulations 
of Salisbury Plairi which makes it so treacherous on still sunny 

4. The Imo  studies accordingly converge. 
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days-the very days when he is tempted out-whilst it is safe at 
Laffan’s Plain and Eastchurch. I do not think the data exist from 
which an answer which is wholly satisfactory may be supplied. 

8. We know that dry air is on the one hand transparent to, 
and is practically unwarmed by, the sun’s direct rays, and that 
these rays fall on the patches of coloured and shaded surface of 
the ground, and that on the other hand the damper air near the 
ground is warmed by the ground and by dark heat rays, so that 
columns of air ascend over the sunlit patches. These and the 
corresponding descending streams cause a very great amount of 
disturbance to the altitude of balloons. Are these colunins suffi- 
ciently swift and local t o  explain this class of trouble with aero- 
planes, or are we here confronted with a co~nplex example of air 
thrown upwards by the ground undulations owing to the distortion of 
some unperceived lighter winds ? It is fortunate that Hendon, 
Eastchurch and Laffan’s Plain are free from these troubles, and 
we must suppose that the form of the undulations has something to 
do with it, since they aggravate the patchiness of the hoar frost, 
the damp and the ground temperature. 

9. Recording Theodolites. -Mr. Dines’ recording theodolite, which 
writes down both the altitude and the azimuth of a pilot balloon, 
seems to be well adapted to the exploration of such danger spots, 
and for finding us a somewhat more scientific explanation than the 
suggestion underlying the popular term a (‘ hole in the wind.” 
It is to be noted, however, that all model balloon observations 
are in a measure vitiated as regards vertical movements by the 
change in buoyancy of the balloon, due to barometer and tempera- 
ture changes during the experiment. 

Relief Maps.-A map in relief, submerged in water, might be 
used to show the disturbance of streams of pigmented fluid when 
a flow is established over the model from various points of the 
compass, but there are grave difficulties apart from the incomplete- 
neas involved in neglecting the temperature question. 

Wireless Telegraphy.-Recently a new research instrument has 
been enlisted, namely, wireless telegraphy. Broad lines of news as 
to the weather which is coming to us across the sea can‘and do 
reach us now by wireless, and this when fully orga.nized will make 
a great difference to airmen, since in England our weather is mostly 
sea-borne. I t  is already notable that our weather prophecies are 
far more accurate than heretofore, and for this “ wireless ” is 
largely to be thanked. 
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10. G21sty Winds and Aeroplanps.-The cardinal difficulty for 

Experiments show that the following effects must be anticipated :- 
(a) Wind fluctuates in speed, so that a wind of, say, 20 m.p.h. 

average can be the outcome of puffs varying from 
15 to 35 m.p.h. Similarly a 30 mile average can be 
due to fluctuations from 224 to 37% m.p.h. 

(h) The time between such fluctuations may be so short that 
there are 17 pnffs to the minute-say 1 in 4 seconds. 

(c) The alterat,ion is not one of speed only, but also of 
direction at similar, bu t  not the same, intervals of time. 

((1) The variations in speed do not coincide with the changes 
of direction as far as can be seen to-day. 

(e) The changes are not necessarily the same over large areas, 
but map he so different at two testing stations eight 
yards apart, that t,he instantaneous speed at one is 
double that at  the other. 

( f )  The gustiness at n height differs from that near the 
ground, but the maxima of speed are nearly the same 
in each case, AO that the average velocity at  a height is 
greater-that is, it comes nearer to the maximum. 

These conclusions are of course not of general application, and 
they may, indeed, be partially erroneous, but they are what I have 
gathered from various sources-notably from Mr. W. H. Dined admi- 
rable lecture cited above. 

It is the effect of these on aeroplane stability that we must 
consider, and to do this it is useful to sub-divide the many existing 
types of aeroplanes, so as to get them into some more intelligible 
and more significant classification than ‘( biplane ” and “ mono- 
plane” (see para. 12). 

11. Air Alovements and Airshlps.-The airship loses pace from 
point to point by the interference of gusts, and when out of sight 
of land its pilot loses his clear sense of the direction he is following, 
hilt lie does not lose his balance in the same serious wa.y as with an 
aeroplane. €[is power of alighting, dependent in a measure on his 
stock of hallnst, is greatly affected by the loss alternately of gas, 
and of ballast due to up and down movements; above all the 
possibility of anchoring in the open depends on the designer’s 
ability to outwit in some way the gusts which may make the airship 
bounce about on its anchor ropes. 

12. AeroplrrnPs and Stability.-There is a certain similarity in the 
devices used at  present by most makers to get some degree of lateral 

aeroplanes is the gustiness of the wind. 

(Dines.) 
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F I G .  1.-clkLSS s. 
The class letter is chosen after the iiaine of Santos Dumoiit. 
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stability when flying, turning and gliding, but there is apparently 
greater diversity in their ideas as to longitudinal stability, and the 
best position of propellers. These two features therefore are used 
a8 a basis for a suggestion for a classification-although I admit 
that there ought to be as many classes as there are designers; 
these, however, would be useless for memorizing, and accordingly 
I suggest that we take three. 

1. Class S.-Those of which the main wings are preceded by a 
small plane which is more intensely loaded” and succeeded 
by the propeller (Fig. 1). 

2 .  Class B.-Those of which the main wings are preceded by the 
propeller and followed hy a smaller plane (or planes), which 
is more lightly loaded, if at  all (Fig. 2 ) .  

3. CZass F.-Those which have the main wings followed by a 
smaller plane more lightly or not at  all loaded, as in 2 ,  
but the propellers of which are placed between the main 
wings and the tail plane (Fig. 3). 

Those familiar with the machines of to-day will include in Class X. 
the latest Voisin, Valkyrie, Cody, Curtis, Clarke and Santos Dumont 
very early machines, &c. ; in Class 11. the Antoinette, R.E.P., Bleriot, 
Breguet, Avro, etc. ; in Class 3’. the Voisin, Farman, British and 
Colonial, &c. 

13. The Free between Planes.--No fundamental importance need 
he attached to the classification, but all attention must be given to 
the method adopted in each case to secure fore and aft stability, 
which is throughout by some attempt to get a Vee between the 
surfaces hack and front. 

Since a plane carries weight by throwing air downwards, its 
general slope must be with the trailing edge downwards, and the 
more heavily it is loaded per square foot, the more steeply 
must it slope downwards to get the adequate reaction for any 
one speed of travel. Accordingly, as the forward and back planes 
of one and the same machine must move at  the same speed, it is 
not possible to get the desirable Tee or inclination between them 
without loading one more intensely than the other. Not only S O ,  

but the front plane of the two, whether it be larger or smaller, must 
always he the more heavily loaded if the Vee is to have its opening 
to face skywards. Any more lightly loaded auxiliary plane, such 

* The expression lightly, or heavily loaded, means a less or a greater intensity 
of presmre per square foot of plane area. 
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FIG, 2.-Class B. 
The class letter is chosen after the name of hl. Bleriot. 
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as is placed in front of the carrier planes or wings, diminishes the 
longitudinal stability of the combination by giving rise to  an 
inverted Vee. This is instanced by the front elevator planes of the 

FIG. X-Class F. 
The class letter is chosen after the name of Farman. 

Farman-the effect of which has to be counteracted by increasing 
the size of the tail planes. (See Fig. 16.) 

14. Macbines Teed fore and aft, that is, those having the front 
plane set at  a greater angle of incidence than the back plane, are, 



PROBLEMS RELATING T O  AIRCRAFT. 265 

to some extent at  least, st.ahle in tlie fore and aft direction. This 
is shewn graphically on the accompanying diagram Fig. 4, kindly 
arranged for me by Mr. F. Green, together with Figs. 16 and 17. 

I n  the upper case, Fig. 1, it is assumed that the front plane is 
half the size of the back plane, but that it is set at  an angle of 
incidence of eight degrees against an angle of four degrees for the 
back plane. 

Jl OR IZONTA I. 

FIG. 4. 

For small angles the lift is proportional to  the angle, and 
consequently the front plane, being at double tlie angle of the back 
plane, will lift twice as much per q u a r e  foot. The centre of pressure 
when the aeroplane is horizontal m i l l  consequently lie half-way 
between the centres of pressure of the two planes, and the centre of 
gravity must therefore be adjusted to fall at  the same point, 

I n  the centre diagram the aeroplane is imagined to be tilted up 
at an angle of two degrees, and consequently the front plane will 
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make an angle of incidence of ten degrees, and the back plane one 
of six degrees, that is to say, the front plane mill have increased its 
lift by a proportion of ten to eight, that is of five to four, while the 
back plane will have increased its lift in the proportion of six to four. 
The centre of pressure has consequently travelled back, and will 
now be behind the centre of gravity, and thus a righting couple 
will be applied, which will tend to move the aeroplane back to its 
horizontal position. 

I n  the third case the aeroplane is imagined to be inclined domn- 
wards at an angle of two degrees. In this case the lifts of the two 
planes will be respectively three quarters and two qnarters of their 
original lift, consequently the centre of pressure will have moved 
forward, still giving a righting couple. I t  must be noted that the 
angles chosen here are arbitrarily selected because they are easy to 
handle. 

It can readily be seen that if the front plane is at a lesser angle 
of incidence than the back plane, the reverse effect will take place. 

Like all other much-discussed and popular machines, aeroplane 
design is to some extent governed by fashion. The inherent 
instability of the early Wright machines seems to have led to the 
conclusion that no machine without a tail could possibly be stable. 
Recently, however, this has been disproved by the Valkyrie and the 
new Voisin aeroplanes (vide " The Aero," 1 March, 191 1). 

15. I f  experience up to the present had shewn definitely any 
superiority in one of the classes over the others, it is not improbable 
that this division m-ould not have been made owing to the extinction 
of the inferior classes. A few salient facts resulting from each com- 
bination with the propeller position may be noted, remembering that 
wherever a plane is on the suction side of the propeller, i.e., in front of 
it, the operation of the engine does not make much difference to the 
amount of air thrown domn by that plane; that is, its lift is but 
little affected by the engine stopping. 

16. How the three Classes glide.-For example, it is found in 
Class S. that when the engine stops the machine automatically 
adopts its proper angle for a glide, and indeed cannot easily---with 
the engine stopped-be made to glide too steeply 60 long as the Vee 
is maintained. (See Fig. 16.) 

If, however, any plane which is in the ful l  propeller blast be a 
loaded plane, that is, one given a slope for the purpose of lifting 
part of the weight (and usually of curved profile), such a plane 

I n  practice the angles are more like 9 and 13 degrees. 
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loses part of its normal lifting power in proportion to the falling 
off of air velocity past it, due to the stopping of the engine. 

17. Class F. gliding.-As an instance, every Farman machine 
drops its tail the moment the engine stops-a movement which 
requires that the airman shall at once give a diving movement to 
his elevator planes lest he begin to glide backwards. 
Class B.  gliding.-In the case of Class B., the Bleriot machine, 

which usually has a lifting tail, both the main wings and tail ride 
over the propeller blast, therefore the stopping of the engine 
diminishes the lift of both-with the result that the speed of travel 
downwards with the engine stopped, tends to increase a little over 
the normal speed-a matter which may involve alighting somewhat 
more rapidly from a glide, but the tail does not drop. 

Class S. gliding.-In the case of Class S., the gliding condi- 
tions appear to be very favourable with a good design of machine. 
The head resistance can be made low, and I rather think the 
small number in use is chiefly due to its not resembling a bird, a 
fact which need have no particular relation to its merits. For the 
moment it is fashionable to have a tail. 

The original Wright machine appears to belong to this Class S., 
but is not truly in it, because the Wrights openly abandoned the 
attempt to secure fore and aft stability. Their elevator plane was 
not a lifting plane, and they trusted to their own skill for balance. 
I have, however, learnt from those who flew this machine that the 
fatigue of three or four hours' balancing was great, and the 
Wrights at present fit a tail." 

18. The History of Stalility.--I am not in these notes concerned 
with the claims of inventors to priority, but wish to consider for the 
moment the doings of builders merely as experiments on stability, 
and not as attaching prime importance to the date when the experi- 
ments were made, and accordingly I have not attempted to verify 
exact dates. I neglect the early tiqials of Lilienthal (1886), Pilcher 
(1892-93), Ader (1897), and others, and note that the first suc- 
cessful Wright aeroplane was tailless. It was evolved from a 
biplane glider fitted with a rudder (1901) and elevator. I do not 
know whether a tail, properly so called, had been seriously con- 
sidered by them since they found so much trouble with the 

* I uae the term tail for a plane which is horizonta1 and behind, the main 
The Wrights fitted a rudder behind their early machines, but not a tail wings. 

in this sense. 
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breaking of their rndder by slipping back on to it that they hinged 
it vertically. 

19. d4bamZoning the TaiL-It was on the results of their gliding 
tests that they decided not to use a tail, and hence their first power 
machine was n biplane with no tail, but having a plane in front 
which acted as an elevator, and which did no weight bearing (Fig. 5). 
Such a machine has no automatic longitudinal stability. I t  was 
solely the sk i l l  ant1 activity of the man which prevented tipping 
forwards or baclmwards, and stability in these directions had to be 
attended to ceaselessly. Lateral stability was secured by a system 
of wmping one wing and simultaneously counter-warping the 
other ; this was slightly automatic, due to the intentional looseness 
of the girder work. This was the state of progress when Wilbur 
Wright arrived in France (August, 1908), where the reports of his 
doings which had come from America had incited others, some of 
whom had produced notable results, though the study in France 
up to that time had moved on somewhat different lines. 

The 17ee between I17inys.-The fird to make 
any mark in actual flying there was Santos Dumont (1906). His 
biplane was in some respects the same as the Wrights', but the 
wings were set at  a Tee to one another, that is, a dihedral angle 
as a help to lateral stability. More important than this was the 
fact that the front elevator was fairly large, and, unlike the Wright 
elevator, mas set to bear a part of the weight (Fig. 6). This 
introduced an advance in that it provided a fore and aft Tee for 
longitudinal stability, an important departure from that of the 
Wright Bros., whose front plane was merely directional, and was 
at times set at a negative angle of incidence. 

21. The trying of Rozed Bnds.--Uumont paid no heed to wing 
warping, and he apparently recovered his balance by a process the 
reverse of what one does on a bicycle, namely, by steering away 
from the side he was falling to. This will be explained later when 
turning is dealt with. 

The first machine that flew for any considerable distance in 
France was that made by Voisin and flown by Farman in 1907, 
and this was a biplane which was not boxed in,  with a tail which 
 as set to take a part of the lift (Fig. 7 ) .  This formed an obtuse 
angle with the niain plane, and therefore helped towards fore and 
aft stability. I t  was also fitted with a front elevator placed so 
very close to the main plane as not to exert an important effect on 
stability. Voisin then very seriously tried the boxed-in ends; he left 

20. Bihedral Angle .  
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FIG. 5 .  
Wright. 

FLG. 6. 
Santos-Dumout. - 

F I G .  7 .  
Voisin-the 

> earlier machine 
was not boxed 
in. 

F I G .  8. 
Farman. 

FIG. 9. 
Wright, 1910. 
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themin 19 10, learning the lesson from his own discipleFarman, but he 
returned to them in 191 1. The Voisin plane was also, like a bicycle, 
kept from tilting sideways by the use of steeringruddersuntil 1916. 
The steering method has advantages, and is freely used by all 
aviators on almost all machines when they have acquired a little 
skill. 

The effect on France of Wilbur Wright’s visit was the adoption 
there of either his system of wing warping or else the use of flaps or 
ailerons, which are inferior in efficiency and speed of response, but 
which answer the purpose of raising the wing of which the aileron 
is lowered. The drawbacks of ailerons are touched upon in par. 32. 

22. Ailerons for Lateral Stability and Banking.-Take the Voisin 
biplane, omit the side panels, give it ailerons, and we have the 
Farman machine (Fig. 8). This was done by Henry Farman in 1909. 
The elevator is farther in front than that of the Voisin, and not 
being set to form a Vee with the main planes, it  tends, so far, to 
reduce longitudinal stability, an effect which is countered by 
increasing the size of the tail, which does form a Tee with the 
wings. 

23. Tail E’lap for Elevating.-Later, in addition to the front 
elevator, a flap was put on the tail (1910) to serve as an additional 
elevator (Fig. 3). 

It is a question whether the Wrights learnt in Europe the 
practicability and advantages of employing the Vee, but it was 
after their visit here that they used a Tee relationship between 
the wings and a tail which has been added. It is particularly 
interesting to note that their front elevator has been abandoned, 
thereby avoiding the necessity for increasing the size of the tail 
plane, while we find the French influence in that the rear of the 
tail is hinged to act as an elevator. 

24. Blinkers f o r  Turning.-It will be noticed that Mr. George, 
Mr. Curtis, Mr. de Havilland, and the Valkyrie Co. seem to have bor- 
rowed from Wright the use of their small vertical planes (or blinkers) 
in front of the machine as a point to thrust against when steering 
round a corner. Pischoff also uses a vertical plane, but it is so 
near the centre that it is evidently only used to damp oscillations 
due to a very low centre of gravity. 

It is to be observed that the latest Wright model retains the 
blinkers. It would seem to be a feature weighing very little one 
way or the other. 

25. Though studied in France more or less concurrently with the 



PROBLEMS RIi,LATING TO AIRCRAFT. 271 

others, machines of Class if. were later in obtaining success, though 
they are now probably the most important. The Bleriot and 
Antoinstte Rere the most notable. Thess followed the Wright in 
warping their wings, and the reason that they were somewhat later 
in succeeding is possibly due to the fact that from their lesser sail 
area (for they are monoplanes mostly) and the curve of wing adopted, 
they are higher speed machines, a fact which was evidently not 
known by their makers, and later, when engines of the necessary 
large power and light weight were found, it may have taken longer to 
find pilots for the high speeds of travel and higher speeds of landing. 

The Eleriot, in April, 1007, and the Antoinette in February, 
1908, appear to have made the first flights with this type worthy of 
record. 

26. The Bleriots as usually known (except in one type) have the 
weight-bearing or lifting tail, and these machines have all been 
practically of a single type, with the propeller in front of the main 
planes and the elevator aft of the tail, and hence of Class B. 

Bleriot has, however,. recently (1911) brought out a type of 
passenger-carrying monoplane, which appears to be essentially a 
Farman biplane with the bottom plane missed out. This is Class 3’. 

The Antoinette machine has been consistently of the I?. Class, 
differing from the Bleriot by having a non-lifting tail in place of a 
lifting tail and by having a Vee inclination between the wings. It 
is to be noted that any non-lifting tail makes a Vee with the main 
planes, which must, of course, be inclined to the back. 

Countless other aeroplanes have since been evolved, notably the 
Breguet, Dufaux, R. E. P. and others, which are of the B.  Class, 
but with two planes instead of one, and there has recently been a 
spasmodic return to the very early type-the S. Class-where th3 
small plane is in front. Among these returns are the experimental 
Voisin and others nanied in para. 12. 

27. The 1910 Farman machine has a slight Vee on the lower of 
the two main planes, while the pilot and the passenger are enclosed 
in a stream-line body. I t  is interesting to note that Farman has 
evolved in the course of his experiments (1 908) a triplane, and later 
a monoplane (1910), with a somewhat low centre of gravity. 
Neither of these appears to have satisfied him well enough to cause 
him to alter the type. 

With the exception of the Class S. or r L  tail first ’’ experimental 
machine, the Voisin people were devoting their attention ( 1  91 0) 
to a biplane on somewhat similar lines to the Wrights, that is, 
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with no front elevator, but, unlike the Wrights, they used a tail 
that bears some proportion of the weight. 

Santos Dumont entirely changed his designs and produced a small 
monoplane of importance only because of its amall dimensions 
(1909), and thiR, as well as practically all the other successful 
machines can, by a slight effort of the imagination, be regarded as 
modifications of one or other of the above-mentioned types. 

28. Aufonanfic Stability.-In addition to the above broad lines of 
practice for longitudinal stability, which though automatic, is of 
limited range, there have been a great many attempts to obtain what 
is called automatic stability. The problem is, briefly, to keep a 
machine in a generallx upright position in spite of the peculiarities 
of gusts spoken of in para. 10. The first thing to realize is, that the 
hehavionr of an aeroplane is entirely unaffected by any steady wind 
in which it is immersed-for a steady wind is identical with still air 
once the machine is launched in it. The fact that flying in a high 
wind is boasted of and acclaimed as an achievement is due to the 
large range of speed flurtuation incidental-to high winds over land. 
This consideration is important in view of the greater steadiness of 
winds over the ocean, and the coming of aero-hydroplanes. 

29. A Broad Gust Ahrnd.-A puff into the face of an aeroplane 
causes it to rise without rolling, and since the machine has inertia, it 
momentarily relieves the engine of its load and tends to make it 
race ; if the puff desists when the engine has attained an increased 
speed, the effect of the fly-wheelage of the engine is to keep up the 
speed in relation to the air by taking work out of the stored 
momentum. 

30. A Gust dheorl Strikes one Wing only.-It is clearly desirable 
that when a puff strikes one wing only, this wing shall not rise 
unduly and upset the airman. 

I n  p r a .  10 I have stated that at points 8 yards distant winds 
may differ in velocity in a 2 to 1 ratio. As things are now, when 
a wing rises unduly, that is, in a heavy roll, the man has two 
resources: (a) by the aileron-he pulls down the flap attached to 
the lower wing; this causes it to throw down more air and to be 
accelerated npwards by the reaction ; ( b )  by f J l P  rudder-he steers 
towards the side of the raised wing ; this has the effert of diminishing 
the effective velocity of the raised wing, which therefore drops, and 
of increasing the effective velocity of the wing on the outside of the 
circle, which therefore rises. It is to be observed that in either 
case the force used to oppose the roll is derivedfrom the momentum 
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of the aeroplane, which is accordingly slowed, unless there be a 
margin of engine power from which to recover speed. 

Often both devices are used. 
31. When this is the case we may see that the use of the aileron 

or flap, which is similar to but aerodynamically inferior to wing 
warping, has the effect more pnrticularlyof slowing the forward move- 
ment of the wing which is lowest. while the steering method has the 
opposite e€fect of accelerating it, and the two effects upon the 
direction can be made to cancel out. In addition there is a 
momentary tendency for the local gust itself to push back the wing 
which it strikes and raises, but this is very amall. Practice shews that 
this effect on the skilled airman’s course is not much more than that 
which steering for equilibrium has on the course of a bicyclist. This 
analysis shews how, unless there be a nice proportioning of the two 
methods of obtaining equilibrium, the tyro may take a direction 
he does not intend, and it is thus that SO many of the learners at 
Brooklands manage to alight in the sewage farm. 

32.  Tumiwg.--In order to turn, either or both of the movements 
above named for securing stability are employed ; but to turn in a 
sniall radius, that is to say, to turn without side slipping, it is 
necessary to slope the machine in precisely the same way that a car 
running on the Brooklands track is caused to slope by the banking. 
This is called for short ‘i banking ” the aeroplane. At Brooklands 
the bank gets steeper and steeper towards the periphery of the 
turn, and for a car at 40 m p.h. there is one line, and one only, which 
gives the correct banking, that is; where tlie resultant of gravity 
and centrifugal force act at  right angler3 to the sloping track. 

Now, as an aeroplane when once made is, trithin limits of 20 per 
cent, a constant speed machine, the banking may be considered as 
always the same for a curve of given radius, and therefore the 
amount of banking the airman gives to his plane is simple, and 
varies inversely as the radius of thP circle negotiated. 

Having regard to the fact that until f u l l  banking is effected the 
aeroplane is pivoting on an axis noriiial to tho plane of the wings, 
the wing on the outside of the circle has a longer path to follow 
than the inner wing. and accordingly, as a general rule, the outer 
wing should be accelerated with regard to the inner. I t  is unfor- 
tunate that the lowering of the wing flap has precisely the opposite 
effect, and therefore the relative advance of the outer wing is 
obtained partly by slowing tltc wst of the machine and partly by 
accelerating the outer wiiig bg means of the energy so obtained. 

O’GO KM A N . S 
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The general slowing of the machine causes it to droop,* as a whole, 
on turning corners. This general slowing must he put down to the 
incrcmetl head resistauce introduced by pulling t.he flap and the 
rudder plaiic into the live air. 

It is desirable that the aeroplane should not lose momentum, and 
therefore the wing should be raised for !)anking by some means 
(Inwisely opposite to the wing flap) which shall accelerate it. 
Moreover, for very importm~t practical reasons, it  mould be prefer- 
able if the inner wing were ?tot lowered, the whole of the banking 
being done above the level of the previous flight. I need only say 
that circling near the ground as now universally practised, by 
lowcring the inner wing, has often caused it to touch t,he earth. 
l h i s  inevitably means an accident which occurs the more readily 
since the airman (esprnially if a learner? and flying low, or if on 
military ditty and taking cover) may reasonably wish to fly, pra.ctise 
and manmuvre at  low levels behind hills or trees. 

It is advisable, there.fore, on turning t,o raise the centre of gravity of 
the whole machine, and the energpfor doing this must be derived from 
the engine, and not from the momentum of the aeroplane, if we are 
to keep the full available stability. 

My suggestion for eteering while raising and awelerating the 
outer wing without retarding or lowering the inner one is to provide 
for an increased blast of air to be directed mechanically past the wing 
to be raised ; the best way of carrying this out mould be largely a 
matter of experiment on t,lie full-sized machine. Given asinglecentral 
propeller in front of the planes, and an engine with a good margin 
of power, a deflector could be employed to throw an increased blast 
to one side or the other. If, however, there be two propellers 
acting as tractors, one in front of each wing, and connected by a 
different,ial for safety, the draught froin each should be controlled 
individnally. As an alternative the axis of the propellers might 
be twisted slightly round, though this offers mechanical diffi- 
culties. Whatever method is adopted I think that advantage will 
surely be gained in stability if wt? do not retard the machine as a 
whole for the sake of turning a corner, and above all if we do not 
retard the wing which requires aceeleratioil. At, present, it is 
found that the amount of aileron work clone on a gusty day 

, I  

* I purposcly omit t o  complicate the inattnr with the gyroscopic effect of-the 
rotary engine so often used. When a Gnome engine is hehind the pilot, as in 
C%rss F. ,  the eiiect is to depress the front of the aeroplane when turning to the 
left. On Bleriot's the opposite effect is produeed, since the engine rotates the 
opposite way. 
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sensibly retards the machine and gives it a tortuous course. It 
increases its average head resistance, and on large military type 
machines with one or two passengers the physical fatigue of 
working the aileron is burdensome. The superiority of wing 
warping over flap pulling is one of the reasons for the superior 
average speed of Bleriots over Farmans, but as neither device is 
“ balanced” in the sense in which a rudder is balanced, there 
should be a distinct advantage to any pivoted and balanced aileron 
in the matter of physical fatigue. When the air blast method of 
steering shall have seen the light I think it may show advantages 
over both, but it wants experiment. 

33. We have seen that the mere turning of the rudder may 
tend to retard and therefore to.lower the wing which is inner to 
the curve, and to raise the outer wing. Whether this banking 
has to be supplemented by aileron action depends on the design of 
the aeroplane. I know of one aeroplane for which the automatic 
banking is inadequate, and another for which it is excessive, and 
is adjusted by moving the lever in the direction for counterbanking. 
Experiments have shown that blinkers, by preventing side slip, 
help the machine to bank itself to an appreciable extent j when the 
blinkers are too large or too far forward their moment is too large, 
and a counterbanking movement is necessary when turning, a 
feature not entirely devoid of utility from some points of view. 

34. Side Gusts.-Side gusts introduce difficulties of their own. 
A machine which is Veed between the wings is clearly liable to be 
tilted over by a side wind, the remedy for which is a fin, or keel. 
I t  is thought that the area of the vertical fin should approximately 
equal the projected area-(on elevation) of the wings, etc.-and 
that the centres of pressure should come opposite one another, and 
the same distance from the axis of rolling. 

An instance of the application of this idea is Ding’s model mono- 
plane, which is of Class s., and though it of course moves bodily 
with a wind, it is not upset by side gusts. I ts  range is about 
400 yards, and its speed about 20 m.p.h. 

35. Evolution.-In the following series of four pictures of the 
Robert Esnault-Pelterie’s planes for 1907, ’08,  ’09, ’11, an example 
is given of the evolution of an airman’s ideas. Here it is shown 
how the fins were adopted when they were wanted, and abandoned 
when the rest of the design provided an equivalent feature. 

I n  the first, in 1907, the machine is very short from nose to tail, 
Fig. 10, Plate VII.  The wings are set to form an unstable Vee, 

s 2  
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i.e., t'here is an inverted dihedral angle. The mechanical advantage 
obtained from this is the absence of the I' cabane " over the airman 
to take the pull of the wings when the machine strikes the ground 
(though he had to adopt this in 1911) ; the tail plane is curved to 
get some lift out of it, and wing-wa,rping and a tail elevator are 
used. 

36. I n  the second machine, 1908 (Fig. 11, Plate T I IL) ,  the 
designer adds a large vertical fin a t  thc back of the pilot-as is 
necessary for lateral stability with his inverted Vee to the main 
wings, and because of side gusts. Note that the machine, though 
still rather short and stubby--like a seagull-is longer than that 
of 1907, by the fact that  the dipping rudder has been rigged out 
heyond the steering rudder, while it is also less curved. 

37. I n  the third machine, 1909 (Fig. 13, Plate Is";.), we appear 
to have the same features, but the back fin has been made larger 
still. It will be seen that Mons. Esnault-Pelterie is rapidly learning 
and using his knowledge. H e  sees that there are difficulties with 
lateral stability when the main wings are set downwards, as he 
sets them, and failing to  overcome these difficulties with fins, next 
year he quits this plan. 

38. In  the fourth aeroplane, 1911 (Fig. 13, Plate X), the 
dihedral angle, the proper Vee between the wings, is frankly 
adopted, and now he  can and does abandon most of the vertical 
fin above the body. Whether he  may find it useful to have a small 
vertical fin below the body to render the side elevation symmetrical 
ahout the centre of gravity is for the future to show. At any rate, 
he nearly has the equivalent of it by means of tlto covered boat 
body, which comes well down. W e  can notic'e that his ideas about 
propellers alter, and that he  abandons the four-blade for the two- 
blade propeller, and quits aluminium for wood. I think most of 
us will come back to four blades again soon. 

39, Extendiwg the Range qf' Automatic Stubility.--Any Veed 
aeroplane flying on an even keel will by its inertia oppose resistance 
to one or other of its wings being rapidly lifted up;  as a rule, 
t,he presence of an upsetting couple implies the existence of an 
excess of wind pressure on one wing, so that either :- 

(a) The intensity of the loading per square foot of surface 
(generally about 33 Ib.) is increased sufficiently to 
accelerate the wing upwards, or diminished sufficiently to 
drop i t ;  or :- 

(h) The effective lift of the wing is increased-as, for example, 

It is CZass B. It is a perilous nzachinc mid barely flies. 
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when the flap used for banking is pulled into the air 
stream by the pilot. 

If tlie fabric of the wing were so made that it became a sieve 
as soon as a pressure of 34 l b .  per square foot was exceeded, any 
important increase of loading might be precluded, and Atability 
thereby improved. It is not wise to  say that such an arrangement 
is easy within the limits of weight, but it is not impossible. Thus, 
a series of silk slats, like a venetian blind, could be spring- 
controlled, so as to be opaque to the wind until the spring tension 
is exceeded, when they would open and let the air through. 
-10. Equalizi?hg the Lift on the Tu)o It‘ings.-Loolring into it further, 

we find that there is no merit in keeping the loading to  a fixed 
l imit  such as 3; lb. per square foot, provided that any increased 
pressure is  the same in both wings. That suggests that instead 
of a spring of definite strength, a pneumatic or other connection 
be made between the two controlling spring tensions, so that the 
slats open when the wing pressures are unequal. This does not 
preclude tho use of ailerons for banking. 

Another suggestion is that  hinged wing extensions should be 
held by springs whieh are set tip, but which yield a large movement 
when the pre-arranged tension has been exceeded. 

41. W7hy (L Flexible Trailing Edge and ( L  sloppy ” Rigging are 
somettmes used-This gives us  an insight into the reason for the 
preference of some flying men, such as Wright and Farman, for a 
sloppy rigging of their machines, as against the rigid tightening-up 
of all wires. This will also, I surmise, be some day part of the 
justification for the use of tension wires artificially provided with a 
long elongation, either by inserting springs under the conipression 
struts, or compression springs with a limited travel in the tension 
wires themselves, or by the use of extensible wires such as stranded 
cables. 

Equally the ube of a flexible trailing edge to the main planes serves 
the same purpose, namely, that of relieving whichever wing may 
be temporarily loaded t y  a gust, or by a local up-draught 
beyond what the other n ing  is beaiing. This diminishes the 
magnitude of the roll due to  the local current, and by using the 
inertia of the machine delays its effect 80 that  the airman can deal 
with it. 

It is as Fell  to say that it is the inertia of the machine which 
is being used in all these devices, that is to  my, the more sudden 
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the niovenient the more efficient the scheme. The trouble is that 
the delay of the upset is so small. 

42. Massing the Weights  near the C"mtre of Gravity.-There 
are such good reasons for keeping the moment of inertia of the 
aeroplane round its centre of gravity as small as it possibly can be 
kept, that we must not attempt t o  improve on the effects above 
indicated, by such niethods as spreading the weight to add to the 
inertia of the wings, otherwise we shall soon find trouble in the 
aluggish response to control, for example, which will far outweigh 
these small advances towards stability. 

43. One more suggestion is to  free the two main wings so that 
they can bodily flex or hinge upwards to a limited extent ; and to 
connect each wing by a pull wire to an aileron at  the other side. 

The object of this arrangement is that, if a local gust lifts the 
right wing, its movement upwards shall, by pulling the left 
aileron down, thus throwing down more air on the left, at once 
lift the left wing to a corresponding degree. The movements 
should be nearly simultaneous so as to avoid a delay during which 
equilibrium may be lost sufficiently for the man to become aware 
of it j the mere flexing upwards of the whole of the right wing in 
itself, apart from the control of the opposite aileron, conduces to  
stability, since this movement reduces the effective supporting area, 
and alters the direction of its reaction. 

44. Head Resistalzce.-The one essential improvement, other than 
stability, which we require in aeroplanes, is the diminution of 
their head resistance. To make the idea graphic at once it is only 
necessary to state that during certain periods the average wind 
over large portions of the globe, including parts of the British 
Isles, is reputed to move slightly (i.e., at an angle of 4") upwards ; 
if therefore we could reduce the head resistance of our aeroplanes 
till their gliding angle instead of being 8' were 4', we could often 
remain in the air like birds supported by the wind, fluttering, 
perhaps, from point to point to keep in the upstream, but still 
acquiring EL totally new advance in the art of flight. 

Progress in connection with the diminution of head resistance 
can only be made by an extremely slow process, namely, the 
detailed study of every individual organ and part. It is a double 
investigation-we require to sacrifice nothing of strength, yet we 
must gain all that can be taken away of head resistance. 

45. Spam.-All spars at  present in use have 8 section which is 
more or less fair shaped, but if we compare them to the shape 
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found to give the minimum head resistance for dirigibles we get 
the contrast shewn by Fig. 1.2, in which the spar section appears 
much too fat for its length, and has the niaximum diameter too 
near the middle part. W e  want to know as a certainty (for we 
already suspect it strongly) that less head resistance and weight 
would be involved by making larger spars of better form and fewer 
in number. When, however, we begin to give to the spar an 
appreciable depth C D, the fin effect of this will, in accordance 
with the position of these areas in relation to the turning axis, 

Farman (British) Spar. 

A 0 

Good Bhape med on Aircraft Factory Aeroplanr. 

F" 

FIG. l&--She\ving the contrast between the sc( tions of a spar of 
The a British made Farninn aeroplane and a good fair  shnpc. 

eddy caused by tho broad spar -vc-ill ' O c b  euniidtrable. 

react a little upon the steering quality a i d  stability of the airplaue 
in gusts, and this axis inust be found before such an alteratioii can 
be made with advantage. 

16. It docs not necessarily follow that the airship form, with the 
G : 1 ratio and havirig the maximum diameter at  P E, is the best 
for struts, but at any rate one machine which has a good gliding 
angle adopts these thin-shaped spars-I mean Mr. Cody's, which is 
often careering about Laffan's Plain and Farnborough Common. I 
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have pleasure in thanking him for the several occn,sions on which I 
have been his passenger. 

47. ('urred PZanes.-!I!he total skin frictional resistaiice of an 
aeroplane is about 1 0  per cent of the whole resistance, and in 
investigating the subject it seemed advisable to study the form 
resistance carefully, and above all the lift, drift,, and movement 
of the centre of pressure for various inclinations of each. 
Thus a series of aeroplane curves liiiked together by zome 
common mathematical qualit,y was necessary before any intelli- 
gent sequence could The give11 to a series of experiments. 
Supposing one has got a set of equations which include all the 
curves of all known aeroplanes, [and I will show how this may be 
done, J we may proceed as follows :-llake a model according to any 
selected equation, conduct a quantitative esperiinent upon it, and 
repeat this experiment on other models whose equation differs from 
the first by one variable only. Plot the curves and find the minima 
and mamima desired. 

48. I do not propose to enter into any details of the experimental 
investigations, but the equation iiirtliod is as follows :- 

After many hours of assiduous " trial and error " und plotting 
work at various times by Mr. W. C. Claypole, Mr. John Daninn 
and Mr. Watts, we found, following from similar work on airship 
forms, that the head equation of any such shape can be given by a 
curve of the form 

"y" = I" ( x  -- b ) 2  (Equation A.) 
while the trailing end is given by another curve of very similar 
equation, viz. :- 

c y ~ n r  = $rcr (.. - Z,)2 (Equation €3.) 

with very little trouble these two curves are made to  ineet and 
osculate at  a point of masimuin rise. 

An investigation of these equations shows that- 
the constant a determines the rise, 

while m determines the quickness of curvature of the curve, 
and vz the position of the niaxiinuni camber. 

the constant Z, I '  1 7  chord, 

49. The e f e c t  of tmryky  ?)&.--If increases the leading edge 
becomes bluffer, i.e., bluntly curved down; i f  m' increases the 
trailing edge becomes bluffer, i.e., bluntly curved down j but the 
effect of m is always more marked because of the forward position 
of the maximum camber. 

For a value of m' = 1, the trailing edge becomes cup-like, and 
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lies parallel mith the chord, but a smaller value of n z  can usefully 
be employed for the leading edge curve. 

The qyed ?f zwyi i iy  )i.-In practice the position of the 
maxiiuurn ordinate of t,he curve-i.e., the masiruum height of the 
camber is distant from tlic front of the plane from 25 per cent to 
35 per cent of the length of its uhord. Kow it can be shewn that 
if this percentage is exin-essed by p ,  

50. 

the11 p = 33~931Lo'71ti" (Equation C.) 
when 7~ is the exponent of J; in Equatioiis A and 13 above. 

For instance, if R == 0.68, theri the maximum camber occurs at  a 
point one-fourth of the distance along the chord. I f  the Inaximuiii 
camber is required one-third of the way along, then 71 = 1, and the 
Equation A becomes 

ay"' ~ t (t _- by. 

51. I b  j i ad  the Eqzcntion whwn w e  Aace the L'urve in practice.- 
The under curves of the L)e Kavilland (1 9 1 O ) ,  Fariiiau ( 19 1 O ) ,  and 
Bleriot (1908), aerofoils were obtained by setting a straight edge 
below them-that is, on the, concave side-and measuring the 
distance between the plane aud the straight edge at various 
distances from the front. 

The figures so obtained rrere plotted, and cwves drawn out to 
represent the respective a.erofoils (Fig. 15). 

Aesuming that the equation to the heads and tails could be 
represented by equations of form A arid form B respectively, 
the position of the maximum camber was found, and the exponent 
) I  found from the law of Equation C, namely- 

= 33.33n0.i18~ 

where p 
from front. 

percentage of length of aerofoil of maximum camber 

5'2. In  the I)e Havilland I L  = 0.68, while in the Farman and 

IIaving the equatiors with two unkiiowns, t b  and m, two points 
were taken on each head and tail curve as measured on the machine 
and values of a and m worked out for these two points. A number 
of points were then worked out from these equations, to see if the 
equation did accurately represent the curve. 

Bleriot 11. -2 1.07. 



AEROFOIL SHAPES 1 
25% OF LENGTH); 

-DEHAVILLAND- MAXIMUM CAMBER 5 "f. O F  L E N G T H  I 
M 

b 

z 
1 MAXIMUM C A M B E R  4h% OFLENGTH: 0 

35% OF LENGTH 4 - FAR MA N - 
I 

0 

P 
E 

MAXIMUM C A M B E R  6%% O F  L E N G T H .  

'a' AND'C' C O N S T A N T S  T O  GIVE REQUIRED MAXIMUM CAMBER. 

FIG. 15.-Giving an analytical comparison between the curves of three aeroplanes with the object 
of making kindred curves for research purposes. 
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De Ilavilland. 

283 

Farman. 

53 .  The equations eventually found were as follows :- 
De Havilland. 

Head. 
Tail. 

aye's = 20'68 (2 - b ) 2 .  

cy"7 = 30'65 (r - a).L. 

mj1.2 -= x1 07 (x - L;z. 
54. Farman. 

Head. 
Tail. ~ ~ 1 ' 7  = ~1.07 ( x  - b)2. 

5 5 .  Bleriot. 
Head. 
Tail. 

q l ' l  = 51'07 (z - 6)2. 

cyl'g = ~1.07 ( r  - 6)2. 

For the above the numerical values in inches of the various 
constants were- 

/I,.. . . . . . . . . . . . . . . . . . .  

b . . . . . . . . . . . . . . . . . . .  

c .  . . . . . . . . . . . . . . . . . .  

I 
Bleriot. 

97.05 

6 

193% 

I have not thought it worth while to load this paper with the 
very large series of diagrams so produced, since anyone can 
reproduce them from the equations. They are, however, shewn on 
the lecture table, and are in use for a research on curved planes. 

5 6 .  Diminishing the Power or increasing the Speed.--If we can 
seriously reduce a11 resistances this would have two effects-(a) on 
the one hand such a diminution would mean a saving of power ; 
then the economy in weight would seriously react upon sail area, 
and 60 a redoubled economy of resistance and power would result. 
This would tend towards the evolution of the fine weathsr pleasure 
flier-the canoe of the air. (b) On the other hand the serious 
niachine for war and business would gain in speed, and hence 
march alongwhat many consider to be tho straight and serious road to 
stability, 

57 .  Speed and Sfability.-The future of aeroplane flight is in 
some wags wrapped up with the question of fast flying. Many of 
us believe that the difficulty of landing at high speeds on prepared 
landing places can with c'ertainty be overcome, and if so this gives 
great promise of a solution of all difficulties in regard to stability. 
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L i i ~ l i i i g  E’lttcrs.-Tlie suweF8 which is heing achieved in the 
formatioil of 9.11 ahsociatioil iu 1‘iaiir.e under M. Balsan for the esta- 
blislinieiit of landing areas near all large towns, under provincial aero 
clubs and niimicipalities, with petrol and rctpair materials available, 
is the forcmtnner of wliat will be done in this country some twenty 
yvars Iicnce : t,hat i- to say, WP sliall then forin ports for the aerial 
ships, and thvse (as ’l’. C. Farman points out in ‘ r  Blackwood” for 
l+bruaq) will Le not oiilp sc.!i. silljporting but  rcmiinerativc on the 
.basis of port dues, as once there are serious landing places fast 
flying for business becoines pr;ic.ticable. 

5 8 .  Past  Ny i i ig  nnd Sloic. .-11igJ~~i~z~q,-TItat speed is the boldest 
path and also thc drniglitest short, cut past the marry difficulties in 
regard to stability, is p r o ~ e d  by t,he behaviour of models. h well- 
iliado model may be dropped in m y  direction, backwards, forwards, 
or sideways, after being supported from any part of its being, yet 
it mill within R rwsonnble lieight recover its proper position and 
finish at the ground in a gliding fIig4t, glancing along the floor 
without slu~ck. \Vhy is this iiot wppeatcd every day on the full- 
sized machine? The answer is that it woiild be repeated if the two 
essential conditions were tlie milie, riairiely :- 

(a) I f  the trawlling s l w d  wire prol)ortion.~l to the size, i.e., the 
proportional speed of a inodcl is l’roportional to tlie square 
root of the scalc to whivh it is made. 

(b) If tlte alighting grouiul were analogous to the parquet floor 
on whir,h thn niorlcl alights, and where it meet’s with no 
obstructions to bunip, deform, or suddenly stop it. 

A n  example of (a) is the Uing ntuclel of 2 f t .  span ; i f  we take it 
as gliding a t  16 miles per hour-the full size analogue of 40 ft. 
span must glitlc a i  I ( \  x d ! i ~  1n.li.h. = nearly 7 2  ni.p.h. 

59. It is a qi!cstioii whether t,lie ‘ &  70 ides-an-hour aeroplane” 
can be arranged so as to approach the ground a t  much less than 
50 rn.p.11. Knowing as we do that hv iiicreasing the spread of the 
wings, u-e clan cause m i  uwoplaite to be self-supporting at lower 
sl’oeds, aiid desiring that all landings shall be effected slowly, we 
are teinptcd to ask for a niecltnnical ineans of increasing wing area 
at will. It is well ISiio\vii that one (if not two) of the largest con- 
structors of aeroplanes is in fact evolving something of the kind. 
The doubt, however, arises whether the attempt to alight slowly 
will not re-introduce the very dangers we wish to avoid ; for not 
only are winds more likely to be gusty near the ground, but their 
fluctuations are greater. I n  fine, the very occasion on which high 



speed is required of an aeroplane-if high speed be the defence 
against upsets due to irregularities in tlie air currents-is precisely 
when it is either alightiiig or rising irithin the lower 500 feet. Ry 
a purely fortuitous circuni~t:irice-tlir automobile bred instinct for 
racing with nixhines-speed is likely t o  bc? largcly developed 
irnder the iiifluencie of the ninny valuable prisfs o f f txd  for achieve- 
ment in this direction. As regards risks, it is to be ohserved tliat 
such races as are run on pre-appointed days may be regarded as 
involving very much gycater risks than competitions for a record of 
speed, which may Ire run by notifying the Royal Aero Club at any 
time, because iiL the former case all n ma.n's pride is effcctive to 
make hini start and shew his niettle before the: crowds of onlookerc; 
and conipetitors, howwer dangerous the day. 

It is thanks to these inducements Ihat in the past, speeds at which 
no racing motorist would allow his car to bunip on to anything, have 
been found safe for adighting 011 the ea.rth, naiiwly, up  t.o 50 n1.p.h. 
Later on practical proofs as to whether red ly  high speeds are 
substantially the safer will be obtnincd, I hope without loss of 
life or limb. All praise and credit to  the men who are thus 
forwarding the science ! Let us hope that, the sent.inicntality of 
the people who kiion- nothing about what rimy make for safety, may 
not overwhelm thcse practical scientists with ignominy before their 
work is done. Whether or not our aviators and their patrons are 
thus attacked, it is unlikr4y that t h y  will either try, or, if they 
try, that they d l  succeed, in putting their point of view before 
the (' know-alls " in their armchairs. 

60. l'hc IL'iyJtfi,ig Poiqde u:Arri an deroplane Pitch,es.----R simple 
erposC: of the effects which conduce to the fore and aft stability of 
an aeroplane can be given i f ,  for the sake of clearness, the subject 
is not burdened with considerations of minor importance a t  first. 
W e  can thereafter revert to these to see mhcthcr they will negative, 
modify or strengthen the .approximate conclusion first arrived at. 
To do this, let us consider an aeroplane to be travelling horizon- 
tally, and to continue travelling horizontally as a whole under the 
influence of its inertia and of the thrust of the propellers during 
the occurrence of tlie incidents to be investigated, naniely :- 

1. The air is a.pproachcd by a machine which rides a t  its n o r i d  

2. The machine is cabrt!, i.e., tilt,ed or pitched up. 
3. The niachine is tilted or pitclied downwards. 

angle of flight. 
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These three positions are clearly shown in the three diagrams, 

Nom.-It would be valuable if we could ear-mark the words 
pitch and roll for longitudinal and lateral movements of a pendulous 
kind respectively. 

Figs. 4, 16 and 17. 

61. The assumptions are :- 
(a) Neglect the fact that the centre of pressure on each of the 

planes of an aeroplane moves slightly back when the 
up-tilt of the plane is slightly increased and vice versa. 

(b) Assume (which is correct for all small angles) that the 
effect of tilting a plane or a wing is to increase the lift 
of that member in simple proportion to the increase of 
its angle. 

(c) Assume that s t  the outset, the aeroplane is in normal 
flight with each plane at  its normal angle. 

(d) Assume the centre of gravity little, if at all, below tho 
centre line of wind resistance. 

N.B.-The angles taken are purely arbitrar-y-to get simple 

Clearly the weight of the aeroplane is a constant, and therefore 
the positive or negxtive righting couple, if there be one, is pro- 
portional to the travel of the centre of pressure away from the 
centre of gravity. I n  other words, the further the centre of 
pressure is at  any moment away from the centre of gravity, the 
greater is the righting couple. This distance in feet is plotted for 
each angle of upward and downward tilt in Fig. 16 for an aeroplane 
of Class F. 

62. The case of an Aeroplane of the F. (’lass.-Commence the inves- 
tigation by disregarding the existence of the elevator plane in front. 
A not unusual loading of the planes in this type is about 1,000 lh. 
on the forward plane and 150 lb. on the back plane, see Fig. 16. 

Assume with planes of the usual area an angle of ti degrees 
for the front plane and 3.5 degrees for the back plane, and on 
calculating in accordance with the method of Big. 16 for 2, 4 and 
6 degrees of pitch of the machine upward, we find that the righting 
couple increases as the angle increases in accordance with the full 
line of Fig. 16 marked ‘<without elevator.” 

63. This machine is accordingly stable under t,hese conditions 
and will recover from an upward tilt of 6 degrees or a little more, 

figures. 



PRORT,EMS RELATING TO AIRORAPT. 237 

provided it be not subjected to any disturbing or capsizing couple 
greater than, say, its weight acting at a distance of rather less than 
1 ft. (or about one-twentieth of its weight acting at the tail). 

Moreover, it is still more stable in relation to tilt downward 
(called below normal ” in the diagram), for the righting couple 
after 4 degrees of deviation is already 1.5 ft. multiplied by the 

- O V E  NORMIL- 

G-L LIFT  IN PROPORT ION T O  A- 

weight, and is many times more at  6 degrees, which is beyond the 
range of the diagram. 

64. TILP Effeci of the EIPvntor on  the  F. Class.-The diagram shews 
that although the front elevator has its uses, it leads to a very 
much less satisfactory state of affairs from the point of view of fore 
and aft stability. The elevator in question is supposed to be flat 
(as is usual), and arranged so that its normal position places it on 
edge to the horizontal direction of flight. 

The effect is shewn by the dotted line (Fig. IS), where on the 
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right-hand side of the diagram a t  angles of 4 degrees and 6 degrees 
there is positively a capsizing couple, i.e., a negative righting 
couplp, wliile a t  the small angle of 1 or 2 degrces there is just, and 
only just, equilibrium. 

65. \\’hen, however, me consider t,lie case where the planes are 
tilted by a gust so as to bc below the normal, we get the state of 
affairs shemi by the dotted line on thc left upper quarter of 
Fig. 16, naniely, an apprecinhle increase of instability at angles of 
2 degrees and 4 degrees, calling for the active intervention of the 
airman, who l q ~ s  to correct this liy raising his eleTTator. Though 
stability therefore cxibts at, the zero deflection, its inaintenanc,e is in 
fact very soon referred to  the dexterity of the operator, say after an 
angle of 3 degrees or 1 degree respectively for the tTTo sides, has 
been reached. 

66. Ropicb wsponse t o  (‘nntrobs.-Nredlnss to say, an aeroplane 
responds mnch more positively and with less loss of monientum, 
and somctiines more rapidly to any control, when it is nearly 
unshble in the direction in which that control operates. The 
exist>ence of the elevator in this position to-day may be due to the 
strong demand for visible, positive and rapid response in the fore 
and aft direction, for that  very vital operation of correctly alighting. 
This desirr? is  generally expressed by airmen by stating that they 
feel more clear about the response of the aeroplane to the elevator 
if they can Bee it moving before them. They are quite right in 
wanting the quick response, and the aeroplane does doubtless 
respond more thoroughly, but for all that, I t,liink that experiments 
should be made to modify, if not totally abandon, any member 
which diniiiiislies the stability of normal flight, even though such 
meiiiber may, as is the case with this elevator plane, slightly increase 
stability under certain conditions, for example, when it is tipped up 
and heavily loaded on the occasion of checking a gliding flight. 

67. Class “R.” deropZuizcs.-In view of tho above results one is 
natnrally ternpted to examine anot’her type of machine, especially 
one in which a plane in t,he position of the elevator plane is an 
essential feature. 

In the left-hand top corner of Pig. 17  a Class S. aeroplane is 
shewn in side elevation din.grammatica1ly. The distribution of 
loading is such that tho small plano in front is set at an angle of 
5.5 degrees, i.e., it is more heavily loaded per square foot than the 
main planes, which, being much larger, carry- more total weight at 
rtless angle, namely, 4 degrees. The result is a Vee fore and aft. 
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68. First assume, that owing to a puff of wind, or some other 
accidental circumstance, the aeroplane as a whole becomes cabrk, 
i.e., it pitches upwards 2 degrees. As before, the increased angle 
of incidence of the air on the front plane increases its lift in the 
same ratio as the angle is increased, namely, as 5.5 is to 7.5, while 
the lift of the back plane is increased by a larger percentage, 
namely, from 4 degrees to 6 degrees. Accordingly, the centre of 
pressure travels towards the back plane, thereby tending to 

C.P. ON PLANES ASSUMED CONSTANTI  I I F T  IN PROPORTION TO ANCLL 

T R A V E L  OF C.R IN F T 

RICHTINC COUPLC 

ANCLE BELOW N P R M A L  , 

6' 4. 2 '  8' 1 0 .  

FORE & A F T  STAWLITY CURVE:SWPL. 

FIG. 17. 

counteract the upward pitch, that is, it throws the machine back to 
the normal position. 

To draw the curves it was necessary to determine the position of 
the centre of gravity (from the weight distribution of an ordinary 
machine), while the centre of pressure which must be vertically 
over the centre of gravity during horizontal flight in homogeneous 
air, must also be correctly given by the distances from the two 
planes and their total load. 

O'GORMAN. T 
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69. It is worth while noticing that when the condition of the 
aeroplane indicated in the left-hand bottom corner exists, namely, 
the commencement of a downward pitching movement, a much 
more rapid increase of the righting couple with angular deviatiou 
exists than at  the corresponding commencement of an upward 
pitching movement. 

So greatly does this couple increase, that it is reasonable to say 
that an unintentional dive or header with this type of machine is 
difficult. Stability similar to this in all directions is what we 
want. 

70. I n  spite of this, a well-known machine which would com- 
monly be described as of this type, succeeded some t,ime ago in 
taking a header and so meeting with a serious accident, There is 
in my mind little doubt but that when this occurred the front plane 
(which in this case is not fixed but is hand-controlled like an 
elevator) was carrying but little load per square foot compared to 
the back one. This at  once gave an inverted Vee between the 
planes and removed the machine from the S.  Class. Accordingly, 
the taking of a dive was the natural and proper thing for it to do, 
just as a pyramid must totter if it were stood on its point. The 
only doubt was whether it should move head first or tail first. 
Since that date this designer has shewn that the lesson has been 
learnt. The cure for diving, unexpectedly enough, is to put the 
weight farther forward, and this he has done. There is now 
probably no better machine for steady gliding, or what is called 
‘1 uol plane‘ing ” (a  horrible and unnecessary hybrid). 

71. I have not dealt with lateral stability in this paper, and 
therefore I do not touch on the effect of rising and falling upon 
such lateral stability as is afforded by a Vee between the wings, by 
the use of fins, the boxing of the ends of hi-planes, or the provision 
of flexible trailing edges and other such devices. I should none 
the less be very glad if the discussion were to produce expressions 
of opinion from persons like Mr. Lanchester, Mr. Handley Page, 
Mr. Clarke, Mr. Dunne and others on this point. 

72. There are many persons who may be described as hypo- 
thetical inventors-persons who do not invent anything, but who 
convince themselves that in this ‘‘ mechanical age ” such or such 
a difficulty will assuredly be overcome before long. They then 
treat the problem as solved, and proceed to build a tower on 
this tottering basis of supposition. Such persons will say that 
“Automatic stability will, of course, soon come along,” and 
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then it is easy to suppose an aeroplane that alights aa easily 
and as sIowIy as a dirigible. But what is this automatic stability? 
IS the aeroplane fitted with it to be able to remain in mid-air if 
overtaken from behind by an air column which moves forward at 
a velocity in excess of that of the machine, and strikes it ‘‘ solid ” ? 

I n  a water analogy, which is good enough for present purposes, 
is the toy boat to remain at the top of the bath after the supporting 
water has been drained out, simply because there are gyrostats 
which can move its rudders about ? The answer is in both cases, 
simply no. 

73. On the other hand, safety is to be found when the aeroplane 
is moving sufficiently fast to get clear of the overtaking air column 
before the ground has been touched in its fall, or when the 
aeroplane carries an engine sufficiently powerful to  accelerate it up 
to the requisite velocity for flotation upon the new moving air 
which composes the column. No one is quite prepared to say 
that no such overtaking column of air exists in nature-for the 
fact is that airmen find “ holes in the wind,” where though their 
engines are working full bore, the whole machine drops-and to 
explain this, one of two causes must exist, either an overtaking 
blast with a short steep front, or an actual down current. I n  
neither case is the ‘‘ automatic stability ” so-called, going to secure 
the machine from descent ; in both cases a large margin of power, 
very high speed and high potentiality for accelerating, will aub- 
stant idy diminish the risk. 

74. I n  a country where 40 m.p.h. winds are the usual maxima, a 
man should have a chance in this respect if he can quickly accelerate 
the aeroplane to 60 m.p.h. Such considerations as these point to 
the increased speed of the practical machine, while the natural 
demands of learners will develop, for perfectly still days, a slow, 
low-powered machine on which air experience can be easily got by 
waiting patiently for the opportunity. I n  this the forecast in 
para. 56 is being repeated from a different point of view. 

75. If, therefore, I own myself converted by Lanchester to his 
declared view that in the air safety lies’in speed, I do attach enor- 
mous importance also to a large margin of power, and I consider 
that the elimination of danger from flying is dependent on two 
factors-(l) The evolution of flying grounds as flat and perfect as a 
moderate cricket field, so that alighting at speed is certain to  be safe. 
(2) The development of a speed habit as an instinct of self-preser- 
vation in the air, though the departure from our present disposition 

T 2  
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in favour of slowness for safety, will doubtless require a long period 
of growth and development. 

As the future aeroplane would probably have a gliding angle of 
one in eight or one in seven, the one lesson which it behoves the 
airman to learn is the proper height from the ground at which he 
must restart his propeller at the end of a glide down, so as to 
diminish his angle of incidence. The learning of this corresponds 
to acquiring the art of bringing a big ship truly alongside the dock. 

76. Landing devices.-To be able to start and land is perhaps as 
important as to be able to balance, since one can never balance the 
machine without starting, nor start the machine a second time 
without having safely landed. I n  the early days, French machines 
were fitted with wheels for landing, while the Wright machines 
saved both weight and wind resistance by using skids only. They 
had, however, to be launched off a special trolley which was not 
available away from home; the inconvenience of this was soon 
learnt and they were altered. 

Nevertheless, it was the Wright Brothers who brought home to the 
rest of the world the value of skids for spanning unevennesses in the 
ground, and Farman ingeniously combined skids and wheels in a 
way which has remained practically unchanged till to  day. 

77. The Wrights on their return to America obviously profited by 
their European experience, for the latest Wright aeroplane has 
wheels on the skids very much after the European style. The wheels 
run and keep the skids clear of the ground when the ground is level, 
and diminish the friction at starting, but the skids are present to 
bridge over any groove or ditch, as well as to take any bump severe 
enough to carry the wheel springs to the limit of their travel. One 
of the duties of the landing frame which may be overlooked, is to 
take side pressures in the event of a flyer alighting across the wind. 
I n  some measure the indiarubber device and the triangular guide on 
the Farman type allows for this, but the contingency is more elabor- 
ately provided for in the “castor ’’ mounting of his wheels arranged 
by Bleriot. The latter, however, suffers on bad ground by having no 
skid. One difficulty due to the heavy strains on the landing chassis 
is its weight, amounting to well over 100 lb. in a Farman, for 
example. The members are in compression, which generally means 
weight unless some pneumatic system can be introduced by which 
the energy of the blow can be taken up by allowing a piston to do 
work while travelling through some considerable distance, as, for 
example, by forcing air or a fluid through a fine hole. 
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Such an arrangement is far better than a pneumatic cushion 
which is resilient, because any bouncing tends to increase the 
trouble with the inertia of the wings, and imposes alternating 
stresses upon their guys. 

78. When a flyer alights, the wings, of which the inertia is 
considerable, are suddenly arrested in their downward path, and 
the strains on them are at once reversed. In the case of mono- 
planes it is usual to erect a triangulated pillar or ‘L cabane ” high 
over the centre of the landing chassis above the level of the wings, 
and to carry wires from the apex of this to support the wings and 
so preserve them from their tendency to break off with the shock 
(Fig. 13, Plate X.). 

I f  flying were to be done under the conditions for which we may 
look in the fnture, at  least as regards peace purposes, i.e., with 
proper smooth alighting grounds, an advantage could be obtained 
by keeping the wings very low and near the ground, because the air 
cushion formed between the wings and the ground would appreci- 
ably reduce the shock, both on the wing shoulders and the whole 
machine, provided the alighting were effected on an even keel. 

At present the combined landing frames and wheels seem to give 
rise to much regrettable wind resistance. The only means of 
reducing this appears to be by raising the propellers sufficiently to 
get a ground clearance and by making water-trough studies of wheel 
skid arrangements for minimum head resistance, bringing the 
whole as far as possible within a “ stream line form ” such as may 
constitute the body. 

79. To make things at the same time light and strong is the acme 
of engineering design, and the practice of such work is a pleasure, 
not a burden, but it is only possible when the stresses and strains 
allowable can be ascertained. Aeroplanes travelling horizontally in 
still air or in air of constant velocity are subject to efforts, most of 
which can be calculated with the utmost nicety and checked from 
the H.P. of the engine consumed at  the desired speed. The 
exceptions to this are the steering stresses and vibrations which may 
be important because of the possible cumulative effect, especially if 
syntony should occur with the vibration period of a vital part of the 
machine. It is also impossible to calculate the stresses to which a 
landing chassis may be subjected, either when starting on rough 
ground or on alighting, and therefore we are limited to using each 
other’s experience. 

80. I n  this example of the landing chassis, therefore, I am convinced 
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of the necessity of adopting the heroic plan which was suggested to 
me by some friend whose name I cannot recall, but I think 
Mr. Lanchester, of running a machine some thousands of miles over 
rough fields and ditches with the intention of breaking it, if it is 
to break. 

81. In the air an aeroplane is loaded in the direction opposite to 
that in which it is loaded when on land, and accordingly the simple 
way of imitating the distribution of the loading is to invert the 
machine, support its centre of gravity and load the wings with a 
material like sand according to the estimated distribution of load 
and a factor of safety. Under these conditions certain spars will be 
in compression and certain wires in tension, and it will be possible 
to note the deflections and the amount of bending. 

Fro. 18.--“Tautness Moter” for measuring the Pull in a 
Wire without cutting it. 

The entire wing will bend-irregularly perhaps, because wood is 
not tl homogeneous material like steel-and the amount can easily 
be measured in the ordinary way. 

82. Appendix.-As regards the tension in wires, it may be worth 
while to give details of a simple instrument, a l L  Tautness-meter,” 
for measuring the tension of aeroplane wires in position without 
cutting or hurting them or altering the stress to which they are 
being subjected. 

I t  is to be understood that the reason for making such measurements 
is not to be able to cut down the size of wires, for such wires should 
all work with a good factor of safety, say about 5 to 10 in any case, 
but for the purpose of adjusting all the tensions 80 that the wires 
are working equally, and that the planes may be, when in use, of 
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the same shapes and in the relative positions expected by their 
designer. 

83. Tautness-meter.-Theprinciple of this appliance is that if a wire 
be stretched between two fixed points, a pull is required to deflect or 
bend it and this pull is a measure of the stretching force. For this 
purpose the stretched wire rests on two rollers at a and b respectively 
and is clamped gently at  c (Fig. 18). 

The two rollers and the clamps are not a straight line, there- 
fore the stiff spring to which they are attached is deflected, and 
the amount of this deflection is measured on a direct reading dial 
graduated in pounds. As the inherent stiffness of the wire under 
test is neglected by this plan, it will be seen that the instrument 
should be calibrated before use upon a wire of the same kind and 
size as the wire under test, loaded up with dead weights which are 
either known beforehand or tested at the time with a good spring 
balance. 

The instrument in question, which is made by the Cambridge 
S. I. Co., is also useful in attempting to ascribe its proper share 
of the load to each of the wires leading to all the various parts 
of the gas bag of a dirigible balloon from the load or gondola 
below it. 

Moreover, if attached to a wire of an aeroplane in flight it can be 
watched by a passenger, and note can be made of the effect of 
wing-warping, using wing flaps, etc., while by the introduction of a 
‘i maximum ” hand, the effect of a sudden blow on landing could 
be easily recorded. 

84. I must not close without warmly acknowledging, in addition 
to the names given in the text, the kindness I have received and 
the general free exchange of information from H. Farman, Paulhan, 
Bleriot, Esnault Pelterie; the useful hints dropped by men like 
Handley Page, Clarke, Short, Low (of the Bristol Go.), Ding and 
other English workers, as well as Qerriman’s useful book and 
articles, and the valuable illustrations and facts in the “ Aerophile,” 
1‘ Flight,” the rcAero,” and “ Technique Aeronautique,” &c. 

The Paper was illustrated by Cinematoqaph representations of 
dirigibles and aeroplanes in flight. 
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THE DISCUSSION. 

The PRESIDENT, in opening the discussion, said: The time for 
discussion is very short indeed, but there are at the outset just one 
or two questions I would like to put to Mr. O’Gorman in order to 
clear the ground. On p. 260 of the paper Mr. O’Gorman, discussing 
the frequency of wind gusts, appears to say that the time between 
such fluctuations may be so short that there are about 17 puffs to 
the minute j but in paraphrasing his remarks in reading the paper, 
Mr. O’Gorman said they are at  least as frequent as that, but they 
may be more frequent. It is not clear which is intended; is the 
approximate figure the superior or inferior limit? I would also 
like to raise a query on the subject of stability. The author, it 
appears to me, has only touched the fringe of his subject ; he ha8 
dealt with the question of what might be called directional equi- 
librium about the transverse axis of flight, rather than upon the 
much deeper questions that are actually involved. I think the use 
of the term “ horizontal” in this connection is very misleading. 
The diagrams would answer just as well if they were set at  an 
angle of 45 degrees, and there is a great deal of further explanation 
wanted to show the relation of the action described to the question 
of stability. Mr. O’Gorman talked of removing a man’s hair to 
better show the shape of his head ; he has, it seems to me, in his 
efforts to simplify, cut the man’s head off by mistake. 

It is always very pleasing and instructive to have the actual 
views of the real flying men on the subject of flight, it is an 
opportunity that does not always present itself. I will therefore 
call upon Mr. Moore-Brabazon to open the discussion. Very often 
the flying men can tell us more than the arm-chair aeronaut. 
Sometimes they tell us something new; at  others they merely 
express differently what we already know j often their impressions 
are subjective rather than objective; but I have always found that 
the flying men are most interesting men to listen to, and I am sure 
that we shall hear something worth hearing from Mr. Moore- 
Brabazon. 

Mr. MOORE-BRABAZON: Mr. O’Gorman has said a good deal on 
the subject of stability, and he has shown us how it is the universal 
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practice to try and raise the wing which is down in order to get 
back to the horizontal. On a machine that Short built for me at  
Sheppey we tried to depress the wing that was up, and in so doing 
we put a retarding effect on the side where it was wanted, and 
accelerated the wing on the other side, which, in swinging round, 
brought itself up, and it has surprised me that no one else has 
tried this. 

Colonel CAPPER : I have not much practical experience with 
aeroplanes, but I have had some with dirigibles and free balloons, 
from which a certain knowledge of air currents can be obtained. 
One-point to which people pay considerable attention, but which is 
unimportant, is the trouble in the free balloon owing to changes of 
temperature. The reason is that the air outside the balloon, being 
always cold and not affected by the heat of the sun in any way, 
rushes past the balloon and acts on it very much as the wind acts 
on a radiator, tending to keep it cool, so that the internal tem- 
perature does not increase quickly. As regards currents, my 
experience in the air entirely bears out Mr. O’Oorman’s statement 
that, in the generality of cases, winds from the north-east and south- 
east veer round with the hands of the clock as you get higher, and 
I very often find at  high altitudes that with a surface wind nearly 
due east there is an almost absolute calm a t  3,000 feet, while above 
that again there is considerable movement. I think that tends to 
prove that there are at  various elevations a very large number of 
changes of direction which will make it exceedingly difficult for an 
aviator to make any allowance for wind unless he keeps practically 
at the same elevation. That is a very useful thing to bear in mind 
in practical aviation. We have to thank Mr. O’Giorman for the 
very able and clear way in which he has shown how those who 
study this very interesting subject in the laboratory and those who 
practice it in the air may assist each other, and that we should 
neither decry nor think too much of one at  the expense of the 
other. 

Dr. W. N. SHAW : Mr. O’Gorman has spoken about the weather, 
and has used familiar language that must commend itself to those 
who are acquainted with it practically, either from the point of view 
of aviation, or from the point of view of the meteorologist. With 
regard to the point raised as to there being seventeen oscillations a 
minute in an ordinary current of wind, I am, to a certain extent, 
responsible for that figure ; but the matter is somewhat difficult, 
because the fluctuation is by no means regular. I have recently 
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been taking some diagrams-a sort of indicator diagram-in order 
to find out what the actual variation in the direction and speed of 
the wind is. Apparently the variation in direction is often quite 
independent of the variation in the speed, as Mr. O’Gorman stated, 
and, in consequence, the actual structure of the wind moving in an 
average direction in a certain time is very complicated. The speed 
may increase ; then the direction may alter ; the direction may alter 
back again, and the speed may go down again. Any instrument 
which simply records alterations in velocity would show a trace 
representing, apparently, a series of oscillations, but when watched 
they are so irregular that to count them suitably becomes a mdtter 
of great difficulty. I should like to hear what explanation aviators 
can give of the interesting question of the unsteadiness of the wind 
being proportional to the velocity of the wind. By the unsteadiness 
I mean the range of velocity between which the wind oscillates, 
while its average current remains tolerably steady. As Mr. O’Gorman 
has stated, the range of the gusts is about one-half the mean velocity 
of the wind. There are all sorts of variations between those of the 
comparatively steady wind at a very free exposure and those of the 
very unsteady wind at what we call a bad anemometer exposure. 
All these are questions which it is very difficult to solve; the 
phenomena differ according to locality, and everything else, and it 
is only by slow and laborious watching for the different conditions 
that we can make any progress towards a solution. Mr. O’Qorman 
is mistaken if he supposes that I should be pulled up by any ques- 
tion that an aviator could put to me. The Editor of a newspaper 
interested in this subject suggested that I might, in a paragraph, 
give a description of the weather of the previous week that would 
be interesting and useful to aviators. Weather includes the ques- 
tion of wind and wind oscillations, which are only a part of the 
subject. Even if, without any specification of locality, I could 
describe the wind during the past week in a way that would be 
intelligible and useful to the aviator in half a column of a newspaper 
I should still have left the task of adding what there was of interest 
about rain and sun, and so on. We should have to come to some 
understanding about conventional signs and abbreviations before 
the undertaking would begin to look possible, so you will under- 
stand that I am proof against surprises in the way of inquiries. 

Lieutenant CAMMELL : The most important aspect of this Paper, 
from the military point of view, is the probable effect which the 
suggested tendencies in aeroplane design wi l l  have on the military 
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machine of the future. I think, therefore, that it is interesting to 
examine one or two of Mr. O’Gorman’s conclusions from that point 
of view. The most important, I think, is the vexed question of the 
necessity of speed for stability. I t  is somewhat of a shock to find, 
as one who will have to use the machines that Mr. O’Qorman will 
produce, that he is such an easy convert to the speed theory of 
Mr. Lanchester. I t  is, of course, evident that speed will be essential 
to deal with the different vortices and gusts which we will have to 
encounter, but at  the same time for ease of landing and of observation 
I think it will be essential to have R machine which is steady at  
slow speeds as well. Yreparations can be made for landing places 
close to towns, but not on the battlefield j a landing in a ploughed 
field at  60 or 70 miles an hour is not to be thought of. Again, my 
experience proves that the accuracy with which observations can be 
made varies almost inversely as the speed of the wind in one’s face, 
and not, as might be imagined, as the speed over the land. For 
instance, observations from kites in a wind of from 15 to 25 miles 
an hour came out to an accuracy of 92 per cent, whereas with winds 
from 25 to 46 miles an hour the accuracy comes down to 68 per 
cent. This is not due to the instability of the kite, because the 
kite, generally speaking, is most stable in winds of about 30 to 35 
miles an hour. From these two considerations, therefore, I would 
urge Mr. O’Qorman not to abandon too hastily the ideas of 
automatic stability at  slow speeds given by the gyroscope or methods 
of wing formation as in the Dunne type. The next point is the 
question of steadiness as opposed to stability for the purpose of 
observation. There is a distinction, though it is rather difficult to 
explain, otherwise than by a determination of the difference between 
the two Classes S and B, pages 261 and 263. It has been shown 
very well that in the S Class there is a righting moment, and that, 
therefore, the machine is naturally stable. At the same time, it is 
not naturally steady, being dependent for support on two widely- 
separated surfaces. I think in the gusts you are almost bound to 
get more unsteadiness than with the I’ C&ss with a non-lifting 
tail, with which there is only one single supporting surface, and my 
experience of the two types tends to confirm this. 

Mr. O’GORMAN : You prefer the S CZass for steadiness ? 
Lieutenant CAMMELL: No, the B Class, and that is only of 

importance with regard to the accuracy of observation. 
Mr. S. 8. DE FERRANTI: I came here rather to learn from a 

number of men who I knew would be speaking and would know 
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their subject thoroughly well from the practice they have had in it 
rather than to speak. The conclusion that I have come to is that 
aeroplanes require to have real stability in the air apart from that 
stability which results from the velocity of motion. I do not for a 
moment think that any effort should be relaxed to get stability as a 
result of the speed at  which the machine is travelling, but I think 
something more is required than this, and with that in view I have 
been trying to learn how far it would be possible to apply the 
principle of the gyroscope to bring about the desired result. There 
have been many methods suggested for using gyroscopes to steady 
aeroplanes, but all of these, so far as I know, have aimed at con- 
trolliug the wings, ailerons, or elevators. Such an arrangement, 
though it may be beneficial, is not alone sufficient, as stability still 
depends on the velocity through the air and is not inherent. I have 
therefore worked on the lines of giving to the aeroplane stability in 
space derived from a system of gyroscope which forcibly resist 
tilting in all directions, but which do not interfere with steering, and 
are capable of regulation within limits when it is desired to  go up 
and down, and to tilt the machine when flying round a curve. I 
have made a model of the apparatus with wheels weighing a few 
ounces driven by air turbines and running a t  about 30,000 revs. 
per minute. This small model exerts a very great resistance to 
upsetting in all directions, and shews what a stable machine an 
aeroplane would become when fitted with an appliance of this kind. 
It is, however, when designing a full-sized machine that difficulties 
are encountered, and it is then seen how hard it is to reduce the 
weight of the frame and other parts to a sufficiently low figure in 
relation to the gyroscope wheels and yet keep sufficient strength in 
the structure. I have no doubt, however, that these difficulties will 
be overcome and that a machine of sufficient lightness and strength 
will be evolved, thus enabling us to make aeroplanes which will 
have great natural stability under all conditions of weather. 

Professor C. VERNON BOYS: With regard to the question of 
stability as affected by speed, I must say that I am one of those 
who felt that our Chairman was right-essentially right--in his 
preference for high speed, because of the smaller effect which 
eddies and variations in the velocity of the air would have on a 
high speed machine, as compared with that which they would have 
upon a machine which was able to support itself at a lower speed. 
I was hoping that it would be possible to see some way out of it, 
but I don’t. I was rather struck in the early part of the paper by 
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the complete disregard that the author showed towards the size of 
the machine, and the objections that are often urged to the size of 
the machine aR affording too easy a mark. “Oh,” he said, “that 
does not matter a bit. You might get two of them into this room ; 
the size is of no consequence.” I suppose he means there is lots 
of room in the air. But with regard to its being an objection that 
the size makes it an easy mark, or rather reduces the difficulty of 
hitting it, it seems to me that the author was adopting the attitude 
of the small duellist who had challenged the big man to fight with 
pistols, and the big man objected that he was at a disadvantage 
owing to the size of the mark he would make. But the small man 
said, ‘‘ Not at  all ; you chalk a mark on yourself, the same size as 
I am, and anything outside that does not count.” 

Mr. HENBY LEA : Mr. O’Gorman says that automatic stability 
is more tempting than stability obtained mechanically, as, for 
instance, by the aid of the gyroscope. I am inclined to agree 
with him, as far as I can see, and it seems to me to be a more 
practical method. It may be compared with an attempt to get 
stability by means of a gyroscope in a vehicle running on one rail, 
whereas stability can be obtained in a much more simple and 
practical manner-one which appeals more to the practical man- 
by omitting the gyroscope and running the vehicle on two rails. I 
therefore appreciate Mr. O’Gorman’s preference for automatic 
stability. On p. 273 there is a description of the operation of 
turning, and Mr. O’Gorman suggests that a deflector which would 
direct the air from the propeller more towards one wing than the 
other would have a tendency to turn the machine round in the 
direction away from the wing whieh was being elevated by this 
extra current of air, but it appears to me that that deflector would 
have to be placed in such a position that in the act of deflecting the 
wind from the propeller it would be trying to turn the machine 
round in the wrong direction, and thereby neutralising the effect of 
the wind under the outer wing. Whether the one force would balance 
the other or not I cannot say at  the present moment. Certainly 
they would oppose one another, and the result might not be 80 

satisfactory as would be expected. Then we come to those delightful 
pictures of the planes on p. 282, and I cannot help thinking that 
probably the makers originated those curves by means of a very 
light spline of wood, and a piece of string as a chord line, and after 
having examined generally the shape of the bird’s wing they 
probably strained the spline to an extent which they thought would 
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be about right. From the curves obtained, possibly in that way, 
Mi,. O’Gorman derives the most delightful mathematical formulse, 
which the original designers of the curves, C should imagine, very 
probably had not the ghost of a notion existed. There is only one 
more point, and that is in relation to the question on p. 284. One 
is reminded of the invention of the Link motion, the first intention 
of which related to the act of reversing only a locomotive engine, 
without any idea that by its means variable expansion was possible. 
Only Iater on was it found that concealed within the earlier inven- 
tion lay the feature of variable expansion of a beautifully simple 
kind when the slide valve had lap added to it. Mr. O’Gtorman 
states that the speed of a model is proportional to the square root 
of the scale to which it is made. I should like to ask him whether 
that applies to models generally. For instance, if you take a model 
-to the scale of one-sixteenth, say-of a locomotive engine, and if 
the prototype runs at  sixty miles an hour, would this rule apply in 
determining how fast the model ought to be expected to run ? 

Major BAIJEN-POWELL: I: might make one remark about this 
question of stability. I am a great believer in the automatic 
stability of a machine, and I think that we have a lesson to learn, 
as Mr. O’Gorman has said, from models. We know that these 
little models ran often g o  for quite long distances in a perfectly 
stable way; they do not tumble over, and yet they have got no 
controlling influence. I think that proves that a machine can be 
made which does not require any gyroscope or pendulum, or any 
other complicated mechanism, to keep it on an even keel. As 
regards speed, I think that some models, such as that made by 
Mr. Bragg Smith, fly remarkably slowly and yet the stability seems 
to be as perfect as can be. Then there is another question as to 
the extent to which turbulent air may upset a machine, and I am 
very much inclined to think-though of course there is no proof of 
it-that an aeroplane cannot easily be upset by such a mind. I t  
may be tilted to one side, or it may be caused to pitch, but that 
does not necessarily mean that it would be completely turned over, 
and I think if we compare the action of an aeroplane with that of a 
small boat in a heavy sea, we may realise that it can roll about to 
a very considerable extent without any danger. I know what it is 
to be in a machine when it has a slight tendency to roll or pitch, and 
the sensation to  a novice is a very unpleasant one. Directly the 
machine begins to tilt one thinks it is going to turn over imme- 
diately, and one does all one can to prevent it moving at  all. But 
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I feel sure that when we get accustomed to navigating these 
machines in a puffy wind, we shall not mind these little motions iii 
the least, any more than we should in a small boat in a roughish 
sea. 

The PRESIDENT : As the time is getting on, I propose now to ask 
Mr. O’Gorman to reply, but before doing so I will say a few words 
on a point that has turned up two or three times in the discussion 
-the relation between models and actual machines. At several 
lectures which I have delivered I have shown a little model 
weighing only five grains-less than one-thousandth part of one 
pound-which is on the verge of instability at a speed of 5 feet per 
second and is unstable below this velocity. I f  you work this out, 
you will find that an actual machine of, say, 700 lb. total weight, 
is roughly one million times the weight of my model and one 
hundred times the model dimensions. According to the law of 
corresponding speed, this gives ten times the velocity of the 
model for the full-size machine as the limit of stability. Thus an 
actual machine, built to scale, would have a limit of velocity of 
approximately 50 feet per second, or 34 miles an hour. The 
machine, on the basis of my model, would be unstable at  any speed 
less than 34 miles an hour. I t  is, therefore, quite evident that a 
machine of 700 lb. weight should fly at, say (at least), 40 or 50 
miles an hour to have a satisfactory margin of stability, which is 
in accordance with experience; thus one can see how completely 
model data actually agree with full scale experience. 

Mr. O’GORMAN, in replying on the discussion, said : I regret that 
the discussion has been curtailed by lack of time. I should par- 
ticularly have liked you to have heard the remarks of my assistant, 
Mr. Green, in spite of the fact that he helped me greatly in the 
preparation of the paper. I n  reply to Mr. Lanchester’s question, 
the nuniber of puffs per minute is almost certainly more than 
seventeen, but the instruments clearly showed at least seventeen. 
I am only too well aware that I have in forty pages only touched 
the fringe of the subject of equilibrium. Even our President’s two 
large books do not entirely exhaust it. I f  I have only decapitated it, 
as he says, that is always something. Mr. Lea raised a peqtinent 
question on my paragraph 32 as to the rudder effect of the deflector 
on the propeller draught. The point raised is a rather interesting 
one. A rudder at  the back of a boat turns it, we will say, to the 
left, while the same deflection of a rudder in front turns it to the 
right. The effect depends entirely upon where the turning centre 
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of the machine is. One experiment or calculation in aeroplane or 
even boat construction, therefore, is to find out the position of the 
turning centre. This is done for a submarine by launching it with 
a deflected rudder fixed at a series of different points. When the 
deflected rudder is fixed at a point exactly over the turning centre 
it produces practically no deviation or turning. You can have a 
deflector fixed in this position on an aeroplane. It can throw the 
slip stream of the propeller to one side, but itself does not act as a 
rudder. It will be seen therefore that Mr. Lea is quite mistaken 
in saying that the rudder effect of the deflector will necessarily 
oppose the steering effect of the deflected slip stream. 

I t  is likely that the designers of the first aeroplane wings adopted 
the crude method suggested, and still more likely that they did not 
forestall the work of paragraphs 48 to 55 in obtaining an equation, 
the form of which includes the curvature of various other makers’ 
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wings as well as their own. The work of correlating results 
obtained empirically by independent experimenters is only worth 
doing after it has been proved that‘ the empirical results, though 
different, are not useless. The correlation may show us the reasons 
for the differences and so advance the study in hand. The reason 
why I have ventured to put these unpopular mathematical symbols 
forward, is in order that by the study of models varying by pro- 
greesive stages from one another we may obtain, in the wind 
tunnel test for lift, drift, position of centre of pressure and other 
constants a full isange of curves including the shapes crudely 
arrived at but found successful by the early flying men. 

From a question of Mr. Lea it appears that in paragraph 20 
I did not make clear what is meant by the angle between the front 
and back planes, a matter which is quite distinct from the dihedral 
angle or Qee between the right and left wings. 

Reference to Fig. 6,  which is a side elevation of a C h s  X Santos 
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Dumont aeroplane, shows that the chord of the main plane (h, the 
back plane in this case) if produced till it meets the chord of the 
minor plane, makes a very obtuse angle which is open towards the 
sky. This is repeated more clearly in Fig. 19 (the angle in ques- 
tion being marked angle E )  ; the line of the chord of the wing’s 
under-surface is also marked. 

I am glad that Professor Vernon Boys supports me in adopting 
“the speed for safety ” view-and I think he will also agree that, 
in addition, there is value in the I ‘  margin of power for safety” 
theory suggested in paragraph 75. 

His story on the question of size is excellent, but the target 
bogey is much overdone. At about 5,000 feet we have yet to see 
what kind of practice can be made against us. There is an idea 
current that a rifle bullet will bring an airship down. I can only 
say that I hope it will bring down all our enemies’, but it will not 
bring down ours. 

On the question of mechanically obtained stability, I am with 
everybody who wants stability without speed ; but who has got it ? 

Let us work and grub away into the difficulties as hard as we 
possibly can. There is no reason for not recognizing that there are 
other important paths than speed along which progress may be 
made. One does not in the 
least prejudice the other. It is important that we should settle the 
matter of alighting so that the operation may be performed in 
absolute safety anywhere. But I do not clearly see how the gyro- 
scope is the remedy. I have spent some time in looking at  Elliot’s 
gyroscopic compass, and I must say that when one sees what can 
be done with a gyroscope, one is moved to sympathize with 
Lieutenant Cammell’s aspirations. 

Lieutenant Uammell has invented a pretty and ingenious thing, 
He has been working on the gyroscope, like Mi.. Ferranti. Like 
us all, he wants stability apart from velocity. Lieutenant CammeU 
urges me not to abandon the idea of stability at  slow speeds. It is 
like asking me to abandon something I do not hold. If I had only 
got stability at  slow speeds I should not let go. I have had excep- 
tional opportunities of going up in various machines, and I am 
interested to find that he bears out as a practical flyer my humbler 
experience as an observant passenger, that stability uoder present 
circumstances depends upon velocity. 

I by no means wish to claim for the S. Class an essential 
superioiity as an aeroplane because of a single peculiarity in 

O’GORMAN. U 

We may proceed in both directions. 
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longitudinal righting movements. That is for the slow process of 
experiment to shorn, and the remarks of Lieutenant Cammell, as 
having tried an aeroplane of each type, have a very special interest 
to me. 

Lieut. Cammell considers that the difficulties of making observa- 
tions from a machine are entirely proportional to the wind blowing 
in the aviator’s face. This is hopeful, as that difficulty may yet be 
got over by fixing up a transparent screen. At present the diffi- 
culty of so doing is very great, but there are hopes of overcoming 
it. I agree that there is nothing more baffling than to have a 
strong wind blowing in one’s face while the engine is making noise 
like a Gatling gun behind one’s ear. That is very nearly the posi- 
tion of affairs in the modern unsilenced aeroplane ; and I believe 
him when he says that the difficulty of making accurate observa- 
tions is greatly increased by the wind, yet as a passenger I have 
found that one soou forgets to hear the noise or to notice the wind, 
save for the cold and the tears it produces in one’s eyes. 

I +m in agreement with Major Baden Powell about the fear that 
aeroplanes are e a d y  upset when flying in the air, but I am con- 
vinced that it can occur exceptionally a t  least. The comfort of the 
observer is fundamental to accurate observation, and the habit of 
the air which leads one to know that the pitching and rolling are 
controlled and limited gives freedom to the observer’s mind for 
observation work. 

I am obliged to Dr. Shaw for answering Mr. Lanchester’s ques- 
tion. Colonel Capper’s suggestion appears to me to be good- 
that if you are steering by compass and trying to maxe an allow- 
ance for the wind speed and direction the aviator must keep at one 
level, for there alone are you likely to find any approximation to the 
wind expected. It is a useful suggestion, and one that I am glad 
he has made. 

I am interested in Mr. Moore Brabazon’s account of his experiment 
on depressing the wing which is unduly raised, instead of vice versd, 
as usual. It would have been valuable to have had Mr. Short’s 
reasons for using, and later for abandoning, this-if in fact his 
abandonment is more than temporary. 

Mi,. Ferranti adopts a very welcome view, and one which could 
be expected from so courageous a thinker. He  is setting out for a 
stability apart from that which results from the velocity of motion. 
I am not certain that he has fully entered into the class of calcula- 
tions which will give him a measure of the stresses likely to be 
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thrown upon the wings of an aeroplane which was held with such 
resistance to upsetting as he foreshadows ; but then he probably 
does not expect to get all that steadiness in the full-size machine in 
a full-size gust. Moreover, if he is going to keep the machine 
upright, the only informant his gyroscope wheels can have on that 
subject is gravity; but gravity is being constantly disguised out of 
recognition in an aeroplane by the centripetal accelerations and the 
changes of forward acceleration due to gusts. Of course he knows 
and appreciates all these difficulties, but he does not mention any of 
them. And I wish he could be baited into giving us the benefit of 
some of his thinking up to date. 

Mr. O’Gorman then invited the audience to study soine twenty- 
five stereoscopic transparencies of aeroplanes, and showed his 
‘( Tautness meter.’’ 
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